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Serine protease inhibitorTrypsin-like enzymes play an important role in the Aedes aegypti digestive process. The trypsin-like enzymes
present in adults were characterized previously, but little is known about trypsins in larvae. In the present
work, we identiﬁed one of the trypsin enzymes from Ae. aegypti larval midgut using a library of trypsin
gene fragments, which was the sequence known as AAEL005607 from the Ae. aegypti genome. Quantitative
PCR analysis showed that AAEL005607 was transcribed in all larval instars, but it was not present in adult
midgut. In order to conﬁrm transcription data, the trypsin-like enzymes from 4th instar larvae of Ae. aegypti
midgut were puriﬁed and sequenced. Puriﬁed trypsin showed identity with the amino-terminal sequence of
AAEL005607, AAEL005609 and AAEL005614. These three trypsins have high amino acids identity, and could
all be used as a template for the design of inhibitors. In conclusion, for the ﬁrst time, digestive enzymes of 4th
larval instar of Ae. aegypti were puriﬁed and characterized. The knowledge of digestive enzymes present in
Ae. aegypti larvae may be helpful in the development of a larvicide.obia i. irritans Trypsin Inhibitor;
atic trypsin inhibitor.
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Dengue fever is now the main reemerging disease in the world
without an efﬁcacious preventive vaccine and effective etiologic
treatment. Currently, the main method to reduce dengue transmis-
sion is still the control of its vector, the mosquito Aedes aegypti
(Tauil, 2002).
Ae. aegypti is the main vector of arbovirus, the etiologic agent of
dengue and yellow fever. The mosquito is well adapted to urban
areas, representing a major public health problem (Mackenzie et al.,
2004). The incidence of dengue fever has increased tremendously
(Halstead, 2000), and today approximately 50 million people are af-
fected by dengue per year. Also, 2.5 billion people live in risk areas
(Mackenzie et al., 2004).
Ae. aegypti genome has about 1376 million base pairs a number
about 5 times larger than the genome of the malaria vector, Anopheles
gambiae. It presents a higher number of trypsin-like enzymes encod-
ing genes (Nene et al., 2007). In a study that identiﬁed 66 putative
trypsin genes in larvae and adults of Ae. aegypti, the authors used
through phylogenetic analysis to show the divergent trypsinexpression between larvae and adults, possibly as a consequence of
blood feeding adaptation (Venancio et al., 2009).
Trypsin is a serine endopeptidase of the chymotrypsin family,
characterized by a catalytic triad formed by histidine, aspartate, and
serine, which cleaves peptide bond at the carboxyl side of basic
L-amino acids with a preference for Arg between 2 and 10 times as
high as that for Lys (Craik et al., 1985) in some insects, like Diptera
(Lopes et al., 2006). Among the serine endopeptidases, trypsin and
chymotrypsin are most frequently found as digestive proteases in
the midgut of innumerous insect species (Terra and Ferreira, 1994),
but trypsins may differ in substrate speciﬁcity among insect groups
(Lopes and Terra, 2003). Several Ae. aegypti digestive enzymes have
been identiﬁed, including trypsins (Barillas-Mury and Wells, 1993),
chymotrypsins (Jiang et al., 1997), aminopeptidases (Morlais et al.,
2003) and carboxypeptidases (Isoe et al., 2009). Trypsin expression
persists throughout developmental instars of Ae. aegypti (Yang and
Davies, 1971b), and in the female mosquito, trypsin expression is bi-
phasic, early and late trypsins. Early trypsin synthesis is regulated at
the translational level by blood feeding, reaching a peak 1–6 h post-
blood meal. Late trypsin expression is regulated at the transcriptional
level, reaching a peak 18–24 h post-blood meal. However, the mech-
anism of the late trypsin gene transcriptional regulation is not
completely known (Noriega and Wells, 1999). It is believed that
early trypsin activity is responsible for the late trypsin expression
(Barillas-Mury et al., 1995). Recently, it was shown that late trypsin
expression was not affected either by blocking early trypsin activity
with different trypsin inhibitors or by reducing early trypsin expres-
sion using the RNAi method (Lu et al., 2006).
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of genes preferentially expressed in larvae may help discover candi-
date targets to develop new insect control procedures (Venancio
et al., 2009). The aim of the present work was the identiﬁcation of
trypsin enzymes present in the Ae. aegypti larval midgut.
2. Materials and methods
2.1. Mosquitoes
An Ae. aegypti (Rockfeller strain) colony was maintained at 27 °C, in
a high humidity chamber. The insects were fed on 10% sucrose solution.
Larvae were kept in a glass container ﬁlled with water and were fed on
minced commercial mouse food. Ae. aegypti larval stages were used for
total RNA preparation, but only the newly molted fourth instar larvae
were used for protein puriﬁcation. Previously, the Ae. larvae were
placed in crushed ice for few minutes for immobilization and then
their guts were dissected in sodium phosphate buffered saline, pH 7.2
(PBS), according toMoll et al. (2001). Dissected gut sectionsweremain-
tained at−20 °C upon the protein puriﬁcation procedure.
2.2. Construction of a small library of Ae. aegypti trypsin cDNA fragments
from 4th instar larvae
Oligonucleotides were constructed (Fig. S1) based on the nucleo-
tide and amino acid sequence alignments (ClustalW) of the 36 trypsins
identiﬁed in the Ae. aegypti genome (forward primer: 5′-TGAC
NGCTGCNCACTG-3′ and reverse primer: 5′-CCGGAATCACCCTGGC-3′).
Total RNA extracted from 4th instar of Ae. aegypti larvae midgut was
used in a standard RT-PCR to generate the cDNA ﬁrst strand using
Improm-IITM Reverse Transcription System (Promega, Madison,
USA). A PCR was performed (Fig. 1), and the resulting fragments
(approx 385 bp)were puriﬁed using the QIAEX II gel extraction system
according to the manufacturer's instructions (Qiagen, Hilden, Germa-
ny). PCR conditions were: 94 °C for 5 min; 30 cycles (94 °C–40s,
50 °C–40 s, 72 °C–1 min), 72 °C for 5 min. Puriﬁed DNA fragments
were ligated into the pGEM-T easy cloning vector (Promega, Madison,
USA) using 1 U of DNA ligase during 18 h at 16 °C. The ligationwas pre-
cipitated and used for E. coliDH5-α strain transformation by electropo-
ration (parameters: 2.5 Kv, 200 Ω, 25 μF). Transformed bacteria were
selected on LB-agar plate containing ampicillin (200 μg/mL). Positive
clones were analyzed by PCR using M13 forward and reverse oligonu-
cleotides, and then submitted to automatic nucleotide sequencing1589
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Fig. 1. Ampliﬁcation of trypsin-like enzymes DNA fragments by PCR. Agarose gel (1%)
of PCR products with primers for internal region of the Ae. aegypti trypsins. 1. Midgut
cDNA from Ae. aegypti 4th instar larvae and speciﬁc oligonucleotides used in a PCR. 2.
DNA fragment markers.using DyenamicTM ET Dye Terminator Kit (GE Healthcare, Chalfont
St. Giles, UK) and a sequencer Applied Biosystems model 377 (Applied
Biosystems, CA, USA). The nucleotide sequences of all positive clones
(Table S1) were analyzed by BLAST (Basic Local Alignment Search
Tool) program. GenBank Accession numbers of trypsin sequences iden-
tiﬁedwere: AAEL005607, AAEL006371, AAEL008097, AAEL005614 and
AAEL005609.2.3. Quantitative PCR of Ae. aegypti trypsin expression in different life
stages
Total RNA extracted of whole larvae of 1st and 2nd instars, midgut of
3rd and 4th larvae, unfed adult and adult after 3 h and 24 hof blood feed-
ing were used in a standard RT-PCR to generate the cDNA ﬁrst strand
with Improm-IITM Reverse Transcription System (Promega, Madison,
USA). Speciﬁc oligonucleotides were constructed based on the trypsin
nucleotide sequence with accession number AAEL005607. The oligonu-
cleotides sequences for AAEL005607 were Tryp5607fw 5′-CAAGGT
TCGCCCTGCT-3′ and Tryp5607rev 5′-TGGAGATGACCGAAGCA-3′, and
for AaTI were AaTIfw AGCTCTCGAGAAAAGAGAGAGAGGAGTTTGTGC-
3′ and AaTirev 5′-TTTTCCTTTTGCGGCCGCTCAATACTCCTGTGGGAT-
GAAG-3′. Using these oligonucleotides and the cDNA (100 ng) from dif-
ferent life stages, a real-time RT-PCR (Fig. 2) was carried out in the
ABI7500 Fast Real-Time PCR System (Applied Biosystems, CA, USA)
using SYBR Green PCR Master Mix (Applied Biosystems, CA, USA). All
qPCR runs were conducted in triplicate of two independent experi-
ments. The quantity of each mRNA was calculated according to the
2-DDCt method (Livak and Schmittgen, 2001). Relative expressionB
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Fig. 2. Fold expression change in the expression of trypsin AAEL005607 and AaTI genes
in developing of Ae. aegypti. cDNA of midgut of 1st instar larvae, 2nd instar larvae, 3rd
instar larvae, 4th instar larvae, unfed adult, adult after 3 h blood feeding cDNA and
adult after 24 h blood feeding. Trypsin gene showed a signiﬁcant increase in expression
in larvae when compared to the adult (*pb0.05) in Tukey's Multiple Comparison Test.
ANOVA (p≤0.05) and Tukey's analysis were used for statistical analysis. Error bars rep-
resent standard error of the means.
72 T.S. Soares et al. / Gene 489 (2011) 70–75was normalized against the ribosomal gene RP49. ANOVA (pb0.05) and
the Tukey's test were used in the statistical analysis.2.4. Puriﬁcation of Ae. aegypti trypsin from 4th instar larvae
The midguts of 4th instar larvae of Ae. aegypti were dissected and
homogenized in 0.05 M sodium acetate buffer pH 5.5 (1 midgut:
5 μL). The homogenate was centrifuged at 12,000×g for 10 min at
4 °C. The supernatant was applied to a BPTI-Sepharose column
(Fig. 3A) previously equilibrated with 50 mM Tris–HCl buffer pH
8.0. Weakly bound proteins were washed out with 50 mM Tris–HCl
buffer pH 8.0 containing 0.15 M NaCl. The fractions eluted with
0.5 M KCl pH 2.0 were immediately neutralized with 1 M Tris–HCl
buffer pH 8.0. The fractions containing proteolytic activity were
pooled and dialyzed against 0.05 M sodium acetate buffer pH 5.5.
Then, an ion exchange chromatography was conducted on a resource
S column connected to an AKTA puriﬁer system (Fig. 3B), previously
equilibrated with 0.05 M sodium acetate buffer pH 5.5 was realized.
The proteins were eluted by a linear NaCl gradient (0–1 M), with
ﬂow rate of 1 mL/min for 60 min. The fractions containing not
unbound proteins were pooled and used for further puriﬁcation
steps. The material was applied into a C18 Sephasil column connected
to an AKTA Puriﬁer System (Fig. 3C), pre-equilibrated in 0.1% triﬂuor-
acetic acid (TFA), the proteins were eluted with an acetonitrile linear
gradient (0–90%), with ﬂow rate of 1 mL/min for 60 min.0.35
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Fig. 3. Puriﬁcation and characterization of a trypsin-like enzyme from 4th instar of Ae. aegyp
tract was applied on a BPTI-Sepharose column, the bound protein was eluted with 0.5 M KC
synthetic substrate. (B) Ion-exchange chromatography of trypsin puriﬁed by afﬁnity chrom
Proteins were eluted with a NaCl linear gradient (0–1 M). (C) Reverse phase chromatograph
chromatography was applied to a C18 Sephasil column connected to the AKTA puriﬁer syste
riﬁed trypsin was submitted to an N-terminal amino acid sequencing. (D) SDS-PAGE (12%)
solution. The bars in the chromatography peaks represent the fractions that were pooled.2.5. SDS-polyacrylamide gel electrophoresis
Ae. aegypti puriﬁed trypsin by ionic exchange and reverse phase
chromatographies were analyzed by SDS-PAGE (Fig. 3D). The protein
was separated in a 12% acrylamide gel in Tris–glycine buffer accord-
ing to Laemmli (1970). The gel was stained with silver solution
(Blum et al., 1987).2.6. N-terminal amino acid sequencing
N-terminal amino acid determination of the Ae. aegypti puriﬁed
trypsin (Fig. 3C) was conducted by Edman degradation (Edman and
Begg, 1967) using a PPSQ-23 Model Protein Sequencer (Shimadzu,
Tokyo, Japan).2.7. Gene analysis
The gene tree was generated by the Gene Orthology/Paralogy
prediction method pipeline in VectorBase database (http://www.
vectorbase.org). Genetrees aim to represent the evolutionary
history of gene families as genes that diverged from a common
ancestor.
The alignment of the genes AAEL005607, AAEL005609 and
AAEL005614 was realized by ClustalW program.0
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atography. Active material from BPTI-Sepharose was applied to a Resource S column.
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3.1. Small library of Ae. aegypti trypsin cDNA fragments from 4th instar
larvae
In an attempt to know the trypsin enzymes present in themidgut of
Ae. aegypti larvae, we constructed a small library of trypsin cDNA frag-
ments of 4th instar Ae. aegypti larvae. The library construction strategy
was based on the alignment of 36 trypsin nucleotide sequences of the
Ae. aegypti genome, and their conserved regions. Using these internal
conserved nucleotide regions (Fig. S1), degenerated oligonucleotides
were constructed and used to amplify all trypsin transcripts present
in the 4th instar larvae midgut (Fig. 1). Randomly, 115 isolated clones
were sequenced and analyzed using the Blast program. The alignment
of nucleotide sequences showed only ﬁve trypsin-like enzymes,
which were identiﬁed as AAEL005607, AAEL006371, AAEL008097,
AAEL005614 and AAEL005609 in the Ae. aegypti genome, representing
40%, 27.8%, 16.5%, 7.8% and 2.6%, respectively, the other clones the se-
quences appear once (5.2%) (Table S1). The major sequence found
was identiﬁed as AAEL005607 trypsin, in the genome of Ae. aegypti.
3.2. Quantitative real time PCR of trypsin transcript in different mosquito
life stages
Expression of the major trypsin-like enzyme identiﬁed as
AAEL005607 at transcriptional level was analyzed by quantitative
PCR during the developmental stages of Ae. aegypti. The trypsin
AAEL005607 was transcribed in all larval instars, with an increasing
expression along the larval development, but its transcription was
not detected in adult mosquito (Fig. 3) (pb0.05 when compared to
the adult in Tukey's Multiple Comparison Test), conﬁrming that it is
as an exclusively larval enzyme in the experimental condition used
(pb0.05 between the groups in One-way ANOVA). In contrast, AaTI,
a trypsin inhibitor speciﬁc to Ae. aegypti (Watanabe et al., 2010)
was also detected in all larval instars, with an increasing expression
along larval development, also appearing in unfed adults and in
adults 3 h and 24 h after feeding (Fig. 3) (pb0.05 between the groups
in One-way ANOVA and pb0.05 when compared to the 1st instar lar-
vae in Tukey's Multiple Comparison Test), suggesting that it is an in-
hibitor of digestive enzymes in the larval phase.
3.3. Puriﬁcation and characterization of native trypsin from Ae. aegypti
4th instar larvae midgut
To conﬁrm the transcription data, the crude extract of 4th instar
larvae midgut from Ae. aegypti was puriﬁed by afﬁnity ion exchange
and reverse phase chromatography (Figs. 3A–C). The partially puri-
ﬁed trypsin was strongly inhibited by two trypsin inhibitors, AaTI —
Aedes aegypti Trypsin Inhibitor (Watanabe et al., 2010) and HiTI —
Haematobia irritans irritans Trypsin Inhibitor (Azzolini et al., 2005),
presenting IC50 of 19 pM and 230 pM, respectively. Trypsin of Ae.
aegypti larvae puriﬁed by reverse phase chromatography was applied
in a SDS-PAGE (fraction 34) (Fig. 3D) and submitted to amino acid
sequencing (fractions 34 and 36). The sequencing results showed an
N-terminal sequence identical to IVGGNEVSIA, for both protein
peaks (Fig. 3C). This N-terminal sequence was identiﬁed in three
trypsins (AAEL005607, AAEL005609 and AAEL005614) in Vectorbase.
The transcript data (Table S1) afford to suggest that the N-terminal
region identiﬁed in midgut of 4th instar larvae of Ae. aegypti corre-
sponds to trypsin AAEL005607. Fig. 4A shows a cladogram of the tryp-
sin AAEL005607 with trypsins from Ae. aegypti and other mosquitoes
like Anopheles gambiae and Culex quinquefasciatus. The cladogram
shows that the trypsins AAEL005607 and AAEL005614 belong to a
monophyletic branch, presenting 97% of identity, a result of gene du-
plication from a common ancestor, the trypsin AAEL005609, which
presents 92% of identity with AAEL005607. One speciation eventseparates the trypsin AAEL005607 from the C. quinquefasciatus tryp-
sins, and two speciation nodes separate it from the An. gambiae tryp-
sins. Fig. 4B shows a high similarity in amino acid sequence among
the trypsins AAEL005607, AAEL005614 and AAEL005609. The trypsin
AAEL005607 was shown to differ in only ﬁve amino acids from the
trypsin AAEL005614.
4. Discussion
In hematophagous Diptera, food digestion is carried out by proteo-
lytic enzymes, mainly trypsin and chymotrypsin serine proteases,
produced by midgut epithelial cells. In spite of the fact that several
studies have addressed the functional aspects of trypsin-like enzymes
present in midgut of Ae. aegypti larvae (Yang and Davies, 1971b), the
understanding of these enzymes at protein molecular level is still lim-
ited. Venancio et al. (2009) identiﬁed 66 putative trypsin-like genes
using EST banks from larvae. The putative trypsin genes were those
that encode proteins with the following characteristics: they have
less than 440 amino acid residues, exhibit the conserved catalytic
triad, have the conserved Asp 189 (bovine chymotrypsin numbering)
at the base of the substrate binding pocket, and have the conserved
N-terminal putative autocatalytic sequence (such as R-IVGG or R-
IIGG) of mature trypsins. The trypsin-like genes found were annotat-
ed in the Ae. aegypti genome as serine protease, trypsin, oviductin,
lumbrokinase 3, elastase, proacrosin and clip domain serine protease.
Several trypsin sequences were identiﬁed and proved to be highly
similar to trypsins from other insects. In the present work, among
the 115 clones randomly sequenced of trypsin cDNA fragment library,
ﬁve different trypsin-like enzymes were identiﬁed, but AAEL005607
represented 40% of all identiﬁed sequences. The AAEL005607 se-
quence is identiﬁed as trypsin in the genome, but it was not found
by Venancio et al. (2009), possibly because this trypsin was not pre-
sent in the EST banks examined by the authors. Isoe et al. (2009)
used a similar approach used in this work for molecular analysis of
exopeptidases, such as carboxypeptidase gene family, through a com-
bination of cDNA cloning and database mining of the Ae. aegypti
genome. The authors characterized 18 carboxypeptidase genes of
Ae. aegypti midgut and conﬁrmed that some carboxypeptidase genes
were modulated by blood meal ingestion, highly increasing after
blood feeding.
Our data on trypsin AAEL005607 transcription proﬁle conﬁrmed
its expression only in the larval stage, suggesting that it is an exclu-
sively larval enzyme, showing an increase in level of expression
throughout larval development of approximately 5000 times in late
larval stages, in relation to mosquitoes fed. These results are in agree-
ment with previous descriptions, which state that the activity of tryp-
sin varies during the developmental stages because of changes in
feeding habits during the life cycle of Ae. aegypti. In the larval midgut
the trypsin was very active, but its activity dropped sharply after the
larval-adult ecdysis and remained at low level beyond the pupal–
adult ecdysis, until the adult female fed on blood, when trypsin activ-
ity increased gradually until 24 h after the blood meal (Yang and
Davies, 1971a). The absence of trypsin in unfed adults can be
explained by the fact that a change occurs in adults, with more than
90% of the digestive enzymes being excreted at the time of ecdysis
(Yang and Davies, 1971a). On the order hand, the AaTI inhibitor tran-
script was expressed in both larvae and adults, as trypsin expression
level increased throughout larval development, by approximately
700 times in the fourth instar larvae in comparison to the ﬁrst instar
larvae. This data suggested the possible role of AaTI as an endogenous
controller of digestive enzymes in larvae, since both are expressed
during the larval development. Our data corroborated the results of
Horler and Briegel (1997) that the trypsin activity was higher in mid-
gut homogenates than in whole larvae, suggesting the presence of
trypsin inhibitors in larval tissues. Moreover, AaTI presents a strong
inhibitory activity for larval trypsins in the range of pM, though in
BA
Culicidae: 8 homologs
Culicidae: 3 homologs
Culicidae: 9 homologs
anopheles_gambiae: 2 homologs
anopheles_gambiae: 20 homologs
LEGEND
x1 branch length Gene ID current gene
Gene ID within-sp. paralog
speciation node
duplication node
collapsed sub-tree
collapsed (paralog)
AAEL005607, Aedes aegypti
AAEL005614, Aedes aegypti
AAEL005609, Aedes aegypti
AAEL005603, Aedes aegypti
CPIJ006080, Culex quinquefasciatus
CPIJ006075, Culex quinquefasciatus
AGAP001249, Anopheles gambiae
AGAP001248, Anopheles gambiae
Fig. 4. Cladogram and alignment of the trypsin AAEL005607 with other trypsin sequences. (A) Cladogram of trypsin sequences similar to trypsin AAE005607, showing that trypsins
AAEL005607, AAEL005609 and AAEL005614 are paralogous genes derived from gene duplication. All sequences were collected from Vectorbase. (B) Alignment of trypsin enzymes
amino acid sequences with high similarity of N-terminal sequence of Ae. aegypti found by amino acid sequencing, using ClustalW program. The asterisks represent the identical
amino acid residues among all three sequences.
74 T.S. Soares et al. / Gene 489 (2011) 70–75adults it acts as a thrombin inhibitor, since it has a dual activity. Con-
sidering all this data, we can suggest that at least the trypsin
AAEL005607 is exclusive larval enzyme therefore it may be involved
in the digestion of food by larvae, but it would not be important for
blood protein digestion in adults.
The digestive trypsins of several insects were puriﬁed by classical
chromatographic methods, among them the trypsins of insect species
like Periplaneta americana (Lopes and Terra, 2003), Locusta migratoria
(Lam et al., 2000), and Helicoverpa zea (Volpicella et al., 2003). In this
work, we puriﬁed trypsin proteolytic enzymes present in the Ae.
aegypti midgut of 4th instar larvae. The partially puriﬁed trypsin
was strongly inhibited by two trypsin inhibitors, HiTI (Haematobia
i. irritans Trypsin Inhibitor) and AaTI (Aedes aegypti Trypsin Inhibitor),
with IC50 values of 230 pM and 19 pM, respectively. AaTI is a trypsin
and thrombin inhibitor present in Ae. aegypti salivary glands and
midgut (Watanabe et al., 2010). Strong inhibitory activity of AaTI
against Ae. aegypti trypsins and the AaTI gene expression data make
this inhibitor a good candidate of natural inhibitor for trypsins pre-
sent in the midgut of larvae. Nevertheless, the inhibitor has littleeffect on the adult mosquito trypsin activities, where thrombin inhi-
bition activity is more important, to prevent blood coagulation.
One Ae. aegypti trypsin was puriﬁed by reverse phase chromatog-
raphy and presented a protein band of about 23 kDa by SDS-PAGE. It
was recently shown by zymographic analysis that the serine prote-
ases in larvae stadia present molecular masses ranging from 20 to
250 kDa (Mesquita-Rodrigues et al., 2011), which was in agreement
the molecular mass calculated for other insect trypsin, 20,000 to
35,000 Da (Terra and Ferreira, 1994). The partial amino-terminal se-
quence of puriﬁed trypsin IVGGNEVSIA showed complete identity to
the trypsin sequences AAEL005607, AAEL005614 and AAEL005609
in the Ae. aegypti genome.
Taken together, the results obtained in the present study suggest
that trypsin AAEL005607 is one of the digestive enzymes in Ae.
aegypti 4th instar larvae, by comparing transcription and partial
amino acid sequence. Phylogenetic analysis of the trypsin gene
AAEL005607 (Fig. 4A) showed that both trypsin AAEL005607 and
AAEL005614 genes (97% identity) were generated by gene duplica-
tion events of trypsin AAEL005609 (92% identity). Alignment in
75T.S. Soares et al. / Gene 489 (2011) 70–75Fig. 4B shows an exchange of only ﬁve amino acids between trypsin
AAEL005607 and AAEL005614, while twenty one amino acids are ex-
changed between AAEL005607 and AAEL005609. The high sequence
identity between all three trypsins did not allow us to differentiate
one trypsin from the others by N-terminal amino acids sequencing
or mass spectrometry. AAEL005607, AAEL005614 and AAEL005609
trypsins present theoretical molecular masses of 22.77 kDa, 22.81
and 22.67 kDa, respectively. Also, we are not able to identify which
of the three trypsins is the main enzyme, because they have the
same N-terminal region, at least we can exclude the many other tryp-
sin like enzymes identiﬁed in the Ae. aegypti mosquito.
Concerning to the selection of speciﬁc protease inhibitors for
larval digestive enzymes, certainly a new powerful methodology,
such as inhibitor mutated library in phage display system will be
necessary to ﬁnd strong and selective molecules for one or more
enzymes (Tanaka et al., 1999).
In conclusion, for the ﬁrst time trypsins of larval stage of Ae.
aegypti were identiﬁed and characterized. Trypsin-like transcription
proﬁles along the mosquito development analyses revealed that the
AAEL5607 gene is speciﬁcally expressed in the larval stages, while
the AaTI inhibitor (Watanabe et al. 2010) is expressed in larva and
adult stages. Our ﬁndings contribute to learn about the larvae diges-
tive process, which can be the target process for larvae control by de-
signing or selecting speciﬁc inhibitors using combinatorial library. In
the future, these inhibitors may become useful as larvicide and may
be combined to actual vector control methods.
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